Oxidative stress induced by a di-Schiff base copper complex is both mediated and modulated by glutathione.
The reductive activation of N,N'-bis(2-pyridylmethylene)-1-4-butanediamine (N,N',N",N"')-Cu(II)-diperchlorate (CuPUPY), a di-Schiff base copper complex with antineoplastic properties, was investigated in vitro in the presence of glutathione, ascorbate, NADH or NADPH. Glutathione and ascorbate but not the pyridine dinucleotides were able to reduce the compound. The apparent second order rate constants of the reduction reaction (9.6 +/- 2.0 M-1 sec-1 for ascorbate and 94.7 +/- 1.9 M-1 sec-1 for glutathione) indicate that glutathione is more effective by about one order of magnitude in reducing CuPUPY than ascorbate. Reduction by glutathione triggered a CuPUPY-supported redox-cycle with oxygen yielding H2O2. Whereas reduction by ascorbate was reversible, CuPUPY reduced by glutathione reacted with excess reduced glutathione (GSH) in a ligand exchange reaction yielding a GSH-Cu(I) complex which was reoxidized by O2, forming a complex between copper(II) and oxidized glutathione. These results suggest a dual role for the reduced thiol tripeptide; promoting oxidative stress induced by CuPUPY at low concentrations and inhibiting it at high concentrations. This hypothesis was verified by showing that optimum glutathione/CuPUPY ratios are needed in order to obtain maximum oxidative damage to both DNA and albumin in vitro. Evidence was obtained for the occurrence of the same reaction pathway in human K562 erythroleukemia cells: CuPUPY was more toxic to cells in which glutathione synthesis was inhibited by buthionine sulfoximine. Moreover, ESR spectroscopy revealed alterations in the hyperfine structure of the Cu(II) spectrum, consistent with the occurrence of ligand-exchange reactions in K562 cells.